The spectrometer design was modified to allow the measurement of uncorrelated energy spread for the nominal lattice. One bunch from every 120 each second would be sent to the straight ahead spectrometer while the transverse cavity is on. The implementation of this "stealing mode" will not be available for the LCLS commissioning and the early stage of operation. However, the spectrometer was redesigned to retain that option. The energy feedback relies independently on the beam position of the beam in the dispersive section of dogleg 1 (DL1).
The main modification of the spectrometer design is the Pole face rotation of 7.5 degrees on both entrance and exit faces. The location and range of operation of the 3 quadrupoles remains unchanged relative to those of the earlier design.
IGeometry and Dimensions

Optimization of optical function
MAD was used to optimize the straight-ahead-spectrometer parameters, because the space charge effects are nearly negligible.
In the dispersive region, the rms beam size is the quadratic sum of the emittance term and the dispersive term, as shown in equation (1)
where β is the betatron function ε the beam emittance D the dispersion function σ δ the rms of the relative energy spread (uncorrelated)
To achieve a good resolution of the uncorrelated energy spread σ δ , the emittance term, βε, needs to be smaller than the dispersive term. For our nominal 1nC tuning, at 135
MeV, the emittance ε is expected to be 1mm-mrad. To resolve a σ δ = 3keV, this condition is then
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The betatron and dispersion functions along the beamline (starting from the transverse deflecting cavity and down to the end of the straight-ahead spectrometer branch) are represented in figure 1 . At the spectrometer screen, OTRS1, the dispersion function value of ~1m and the horizontal betatron function value of ~0.1m, meet the requirement of equation (2).
Spectrometer Characteristics
The dipole length was slightly readjusted from our initial design [Revision0]. The length is now of 0.50 m. A pole face rotation at the entrance and exit of 7.5 degrees has been introduced. Dimensions are given in Table 3 -Location of straight-ahead spectrometer beamline components referenced to the exit of the transverse deflecting cavity z = 0 
IISensitivity
In ----------------------------------------------------------------------------------------------------------- Table 4 -Variation of betatron function, dispersion function and of the rms contribution to beam size from the emittance and dispersion terms due to small deviations in quadrupole settings; an rms energy spread of 3keV is assumed for the dispersive term Table 4 shows that the sensitivity is more critical for QS01 than for QS02 and QS03.
The resolution on the energy spread would be reduced by a factor of four if the emittance were as large as 2 mm-mrad. The increase of energy spread to 40keV rms when the laser heater is switched on would nevertheless be easily resolved. For the 0.2 nC tuning the emittance could be as small as 0.5 mm-mrad. The energy spread resolution would be improved by a factor of 4, to a value below the keV level.
NB : files in C:\parmela\lcls\commissioning\spectrometer_end4\mad
III-PARMELA simulations
PARMELA simulations were run for the nominal 1nC case. They demonstrate that a direct measurement of the longitudinal phase space at the end of the injector beamline will be available when the beam is vertically deflected at TCAV1 transvserse deflecting cavity. Using a cavity voltage of 0.8 MV/m, one estimates that the kick along the 3mm (10ps) electron beam will be of +/-0.5 mrad, by applying formula (2) of [1] . This provides a vertical beam size at the screen of 12 mm. This could be reduced if the intensity was found to be too low. The uncorrelated energy spread is artificially increased from 3 keV to 50 keV. The laser heater will increase the rms uncorrelated energy spread from 3keV to 40 keV [2, 3] . The slice energy spread can be extracted following two methods: 1) extracting a vertical slice from the XY image 2) use of the horizontal projection of the entire distribution The first method can be accurate only if the local betatron functions are known accurately.
These simulations show that we should be able to resolve energy to levels better than 10keV with either method. The increase of uncorrelated energy spread from 3keV to 40keV produced by the laser heater will be easily measured at this station. By controlling the increase of uncorrelated energy spread, we hope to detain a good calibration of this instrument.
This direct longitudinal phase space measurement will be compared with measurements performed using tomographic techniques. TN-05-16  ----------------------------------------------------------------------------------------------------------- 
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